Background: Chronic rhinosinusitis (CRS) can be divided to CRS without nasal polyps (CRSsNP) and eosinophilic and non-eosinophilic CRS with nasal polyps (CRSwNP). There is little evidence on the efficacy of glucocorticoids and macrolides in different phenotypic patients. The aim of this study was to compare the benefit of glucocorticoids and macrolides following endoscopic sinus surgery (ESS) in different phenotypic CRS.
Introduction
Chronic rhinosinusitis (CRS) is a multifactorial inflammatory disorder that causes various symptoms including nasal obstruction, rhinorrhea, olfactory dysfunction, facial pain, and headache (1, 2) . Endoscopic sinus surgery (ESS) is usually recommended for patients who do not response well to conservative treatments (3) . Although surgery is effective to alleviate symptoms and improve the quality of life of CRS patients, a followed long-term postoperative medical treatment is indispensable (2, 3) . Current European and American guidelines recommend glucocorticoids and antibiotics as the primary pharmacotherapeutic approaches for CRS before and after ESS (2, 3) . However, there are a number of CRS patients not responding well to glucocorticoid treatment and conflicting results exist regarding the efficacy of long-term, low-dose macrolide treatment (4) (5) (6) . One potential reason is that CRS is a heterogeneous group of disorders unified by similar clinical presentations and its phenotypes and/or endotypes may be important factors determining the efficacy of treatments (7) (8) (9) . CRS can be broadly defined as either with nasal polyps (CRSwNP) or without nasal polyps (CRSsNP). In Caucasians, CRSsNP presents a type 1 response, whereas CRSwNP is dominated by eosinophilic inflammation with a skewed type 2 response (10) . However, CRS is more heterogeneous than this clinical classification. In East Asians, a considerable number of CRSwNP patients don't demonstrate eosinophilic inflammation (11) (12) (13) , and non-eosinophilic CRSwNP is characterized by a type 1/type 17 cytokine milieu and a more neutrophilic inflammation (10) (11) (12) (13) (14) (15) . Our previous self-controlled study with a small sample size reported that although oral prednisone was able to suppress the eosinophilic inflammation, it was less efficient to inhibit the type 17 responses and neutrophilic inflammation in Chinese CRSwNP patients without surgery (16) . Wallwork et al. found that longterm low-dose macrolide treatment was only efficient for CRSsNP patients without elevated serum IgE levels (4) . We demonstrated that long-term low dose macrolide treatment was more effective for CRSsNP patients with higher neutrophilic inflammation (17) . We therefore hypothesized that glucocorticoids may be more effective on eosinophilic CRS, whereas macrolides are better to be tailored for non-eosinophilic CRS. However, there are few studies comparing the efficacy of glucocorticoids and macrolides in the treatment of different phenotypic CRS. In this study, we conducted a prospective two-arm, randomized, and controlled trial to compare the benefit of fluticasone propionate nasal spray and clarithromycin tablet following ESS in different phenotypic CRS defined by the presence or absence of nasal polyps and eosinophilic inflammation, i.e., CRSsNP, eosinophilic CRSwNP, and non-eosinophilic CRSwNP.
Materials and methods

Patients
Patients meeting the CRS diagnostic criteria outlined in the European Position Paper on Rhinosinusitis and Nasal polyps (EP3OS) 2012 definition were enrolled (3, 18) . All the patients had ongoing symptoms after initial attempts on medical treatments, including nasal or oral steroids and nasal saline irrigation (3, 19) .
The atopic status was evaluated using the skin prick test with a standard panel of common inhalant allergens common in our region (20) . The diagnosis of allergic rhinitis was based on the concordance between a typical history and the skin prick test results (20) . The diagnosis of asthma was made according to Global Initiative for Asthma guideline (21, 22) . The detailed inclusion and exclusion criteria are shown in Table S1 in the Online Supplement. This study was approved by the Ethics Committee of Tongji Hospital and conducted with written informed consents from all participants.
Study design
This study was designed as a monocenter, prospective two-arm, randomized, single-blind, and comparative effectiveness trial (ClinicalTrials.gov Identifier: NCT02182492). ESS was performed by the senior surgeon (Z.L.) in accordance with the extent of the disease as described by Stammberger and Kennedy (23, 24) . The surgery extent was determined based on the extent of sinusitis as revealed by sinus computed tomographic (CT) images and intraoperative judgement of the surgeon (25) . CT scans were graded in line with Lund-Mackay CT scoring system and total bilateral CT scores were analyzed (3, 26) . Polyp tissues from CRSwNP patients were obtained during surgery and processed for histology study. CRSwNP was further classified as eosinophilic when percent tissue eosinophils exceeded 10% of total infiltrating cells as defined by our previous report (11) . This cut-off was calculated as twice of the standard deviation of the mean of eosinophil percentage in controls (11) . Randomization was stratified according to CRS phenotypes. One week after surgery, CRSsNP, eosinophilic CRSwNP, and non-eosinophilic CRSwNP patients were randomly assigned to fluticasone propionate or clarithromycin group using a random number table separately.
In fluticasone propionate group, patients were given fluticasone propionate nasal spray (Glaxo Wellcome, S.A., Burgos, Spain), 200 μg once daily for 3 months. In clarithromycin group, patients received 250 mg tablet of clarithromycin (Abbot China, Shanghai, China) once daily for 3 months. Patients were evaluated before ESS and 1, 3, 6 and 12 months after dosing with the study medication. The pre-operative evaluation was set as "baseline".
Compliance was checked by weighting study drug bottles in fluticasone propionate group and counting the number of pills left in clarithromycin group (27, 28) . Meanwhile, all the subjects were prescribed manual nasal irrigation device together with 0.9% sodium chloride solutions (250 mL in a transparent bottle).
Patients performed nasal saline irrigation (250 mL twice a day) for 1 year. Each irrigation device was replaced with a new one every 1-2 months. The compliance of nasal saline irrigation was checked by examining and/or weighting drug bottles in both groups. During the study period, additional visits to the physician were allowed. Short-course (1-2 weeks) of intranasal steroid treatment after stop of study medication was permitted, but only under the situation of exacerbation of mild symptoms that usually followed common cold (29) . If polyps and/or the moderate to severe clinical symptoms of CRS were relapsed and/or not controlled after the stop of study medication, rescue therapy with oral prednisone tablets (30 mg daily on days 1-5, 20 mg daily on days 6-10, 10 mg daily on days 11-15, and 5 mg daily on days [16] [17] [18] [19] [20] was prescribed (30) . For intranasal steroid and rescue oral steroid treatment after stop of study medication, the clinical symptom severity was determined by visual analog scale (VAS) scores of overall burden of symptoms: mild = VAS 0-3; moderate = VAS>3-7; severe = VAS>7-10, in accordance with the recom-and 3, polyps completely obstructing the nose; discharge: 0, no discharge; 1, clear thin discharge; 2, thick purulent discharge; edema: 0, no edema; 1, mild edema; 2, severe edema; crusting: 0, no crusting; 1, mild crusting; 2, severe crusting; scarring: 0, no scarring; 1, mild scarring; 2, severe scarring) (3, 32) . Each side was graded separately, and the scores from both sides were added to determine the overall scores for a particular domain. A total endoscopy score was calculated based on the sum of scores of these endoscopic domains.
The primary outcome measure was total VAS symptom scores.
The secondary outcome measures included individual symptom VAS scores, overall symptom burden scores, total endoscopic scores, and individual endoscopic domain scores. Subjects were considered as refractory cases if they still had bothersome symptoms even with rescue medication (3, 33) . The numbers of oral steroid courses, the time from the 3-month follow-up visit to the first course of rescue oral steroid therapy in patients who received rescue therapy, the proportions of patients receiving nasal glucocorticoids and rescue oral prednisone treatment, and the proportions of refractory cases were also evaluated at 12-month post-dosing follow-up visit. mendation of EP3OS 2012 (3, 31) . VAS scoring was performed as described below.
Outcome measures
All of the patients were assessed by using symptom questionnaire and nasal endoscopy just before ESS (baseline) and 1, 3, 6 and 12 months after dosing with the study medication. Subjective symptoms were scored by patients on a VAS of 0-10, with 0 being "no complaint whatsoever" and 10 being "the worst imaginable complaint. " Five major symptoms were focused on: nasal obstruction, rhinorrhea, loss of sense of smell, facial pain or pressure, and headache (3, 31) . A total VAS symptom score was calculated based on the sum of VAS scores of these five symptom domains (3, 31) . In addition, every patient was asked to rate his/her overall burden of CRS symptoms. Symptoms were scored 
Adverse events
Adverse events were recorded throughout the study including asthma exacerbation, fever, headache, nausea, diarrhea, nasal bleeding, and nasal irritation, etc.
Statistical analysis
A preplanned pilot study with 36 CRS patients was undertaken to estimate the sample size by using total VAS symptom scores as the primary parameter. The pilot study discovered a 3-unit of mean difference in total VAS symptom scores at 3-month after dosing between two medications. We therefore estimated that 25 subjects per group would be required to detect a 3-unit of mean difference (combined SD, 3.2) with a power equal to 90% and a 2-tailed α value of 5% (34) . Considering a possible loss of 20% of patients at follow-up, we planned to recruit 30 participants in each study group.
The statistical analysis of efficacy was based on subjects who completed the study. Since variables were not normally dis- 
Results
Patient's clinical characteristics
Overall, 205 postoperative patients were assessed for eligibility.
Twelve patients did not meet inclusion criteria and 6 patients declined to participate. A total of 187 patients met the study eligibility criteria. Those patients were stratified into CRSsNP and non-eosinophilic and eosinophilic CRSwNP group, and were then randomly allocated to fluticasone propionate or clarithromycin group (Figure 1 ). Seven patients in fluticasone propionate group and 8 patients in clarithromycin group dropped out because of nonadherence (Figure 1 ). There was no significant difference of total CT scores between two medication groups in any of the phenotypic CRS groups (Table 1) , and therefore the surgery extent was comparable between two medication groups.
No significant difference of any other clinical characteristic was identified between two medication groups either (Table 1) .
Patient compliance with fluticasone propionate, clarithromycin, and nasal saline irrigation was over 95%, and no significant difference was found between two medication groups in any of the phenotypic CRS groups (data not shown). 
VAS symptom scores
We compared the effect of fluticasone propionate and clarithro- 
Percentage of patients receiving nasal glucocorticoids and rescue oral steroid therapy after stop of study medication, and refractory cases
We compared the difference in percentages of patients receiving nasal glucocorticoids and rescue oral prednisone therapy after stop of study medication and patients with refractory CRS between fluticasone propionate and clarithromycin treatment group in whole CRS group and each subtype of CRS, and found no significant difference between two different treatment groups ( Table 2) . We also compared the numbers of oral steroid courses and the time from the 3-month follow-up visit (i.e. the time of stop of investigated medication) to the first course of rescue therapy in patients who received rescue therapy between two medication treatment groups, and found no significant difference either (Tables 3 and 4) .
Adverse events
No serious adverse events were reported during the study. One patient in fluticasone propionate and two patients in clarithromycin group reported mild diarrhea. Headache was reported 
Discussion
Development of phenotype-orientated therapeutic strategies is critical for the improvement of CRS treatment. Although glucocorticoids are more likely to act on eosinophilic CRS, whether their benefit in the immediate postoperative period will vary according to different phenotypes of CRS is unclear. The efficacy of long-term low-dose macrolides as a pre-and post-operative treatment for CRS remains controversial (2) . Two double-blind, placebo-controlled studies conducted in Europe reported no significant benefit of macrolides for CRS as a pre-operative treatment or postoperative add-on treatment to nasal steroid, respectively (6, 29) . However, no clear separation between CRSwNP and CRSsNP was made in those studies (6, 29) . Another doubleblind, placebo-controlled study on CRSsNP patients without surgery demonstrated that long-term, low-dose macrolide treatment might only be efficient for CRSsNP patients without elevated serum IgE levels; nevertheless, those results must be discussed with caution given the limited statistical power for sub-stratification analysis (4) . In contrast, Varvyanskaya et al. reported that post-operative, long-term, and low dose macrolide treatment as an add-on therapy to nasal glucocorticoid was able to control eosinophilic inflammation and prevent early relapse of polyps in CRSwNP patients (35) . Therefore, it is important to identify the phenotypes of CRS that may respond to glucocorticoid and macrolide treatment.
In this study, surprisingly, we could not show significant difference in alleviating subjective symptoms and promoting wound healing between fluticasone propionate and clarithromycin for CRSsNP and eosinophilic and non-eosinophilic CRSwNP patients after surgery. This finding is consistent with our previous ex vivo study showing comparable anti-inflammatory effects of clarithromycin and glucocorticoid in different phenotypic CRS (8) .
We found that both fluticasone propionate and clarithromycin could ameliorate the expression of chemokines for neutrophils, eosinophils, and Th2 cells in tissue explants (8) . Several studies have suggested a predominant role of long-term low-dose macrolide therapy in controlling neutrophil chemokine expression and neutrophilic inflammation (36) . However, recently, an effect of macrolide therapy in suppressing eosinophilic inflammation in patients with CRSwNP after surgery has also been demonstrated (35) . On the other hand, neutrophils are generally considered to be less responsive to glucocorticoids. Nevertheless, there are some studies demonstrating a benefit of glucocorticoids for neutrophil inflammation. Vagaggini et al. found that inhaled budesonide was able to blunt the airway neutrophilic inflammation after ozone exposure (37) . Wang et al. provided direct evidence that glucocorticoids reduced IL-8 production in neutrophils from asthmatics in vitro (38) . Although our previous study on CRSwNP patients without surgery showed that oral glucocorticoids were less effective for those with neutrophilic inflammation, our current randomized controlled study with a larger sample size did not show significant difference of effect between fluticasone propionate and clarithromycin for non-eosinophilic CRSwNP patients after ESS. Given the change of inflammation load and anatomical structures of sinuses after surgery, the efficacy of anti-inflammatory medications may differ for CRS patients with and without surgery (25, 39) .
We have to acknowledge several limitations of our current study. First, this is a single-blind trial without placebo control. The lack of placebo group makes our study unable to give a clear differentiation between the efficacy of medications and surgery.
However, previous studies have already demonstrated the benefit of topical steroids over placebo on CRS in non-Chinese patients after ESS (25, 40) . Thus, the effect of fluticasone propionate observed in this study, particularly for eosinophilic CRSwNP, unlikely merely attributes to the benefit of the ESS. Importantly, it should be noted that the lack of placebo group might increase the risk of a type 2 error. In addition, although we calculated the sample size for this study based on a pilot study following generally accepted protocols, the present study might be lack of power to detect the intervention effect, particularly for the subgroup analyses. Therefore, our data should be explained with caution and a multicenter study with larger sample size is required to confirm our current findings. Second, again, due to the ethical consideration, the additional visits to physicians and rescue therapy were allowed in our study. The high frequency of usage of rescue therapy may obscure the comparison of clarithromycin and fluticasone propionate. However, the comparable rescue therapy usage in clarithromycin and fluticasone propionate group supports our conclusion. Third, in this study, we only evaluated the changes of subjective symptoms and objective endoscopic appearance, a more comprehensive assessment of quality of life, nasal resistance, and olfactory function would help to delineate the effect of fluticasone propionate and clarithromycin more precisely. Fourth, in this study, we defined eosinophilic CRSwNP based on our previously published cut-off (11) .
Although distinct immunopathologic and clinical characteristics have been demonstrated for non-eosinophilic and eosinophilic
CRSwNP classified by our cut-off (8, 11, 12, 25) , we cannot rule out the possibility that different post-operative effects may be observed for glucocorticoids and macrolides if CRSwNP was sub-grouped by a different cut-off for eosinophilic inflammation. Fifth, we cannot fully preclude the potential floor effect either. Nevertheless, we want to emphasize that we performed sample size calculation following generally accepted statistical analysis protocol (36) . Sixth, we set 3 months as treatment time period for both medications. However, whether longer treatment duration and combination of two medications will have improved effect deserve further investigations. These comments notwithstanding, our present study is the first randomized controlled trial comparing the post-operative efficacy of glucocorticoid versus macrolide in different subtypes of CRS defined based on our current phenotyping strategy.
Conclusion
We did not show significant difference between these two medications. Given the potential risk of development of resistance to macrolides after long-term usage and relatively higher cost of macrolides compared to intranasal steroid sprays (41) , there is no justification for giving post-operative macrolides routinely instead of a simple intranasal steroid spray. Have had a history of local or systemic medications, such as glucocorticoids and macrolides within 4 weeks
Have had an acute asthmatic episode within the 4 weeks before entering the study Table S1 . Inclusion and exclusion criteria.
CRS, chronic rhinosinusitis; CRSsNP, chronic rhinosinusitis without nasal polyps; CRSwNP, chronic rhinosinusitis with nasal polyps; EP3OS, European Position Paper on Rhinosinusitis and Nasal polyps. Log-transformed data are expressed as means ± SD. The pre-operative evaluation was set as "baseline". 
